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0. Introduction
e Rl beams at the BigRIPS separator
 Production mechanism of Rl beams
e Particle Identification (PID) at BigRIPS

Production cross sections of radioactive isotopes (RIs) produced by projectile
fragmentation
* Neutron-deficient nuclei by projectile fragmentation from 12*Xe beams
e Momentum distribution
e Neutron-rich nuclei by projectile fragmentation from 7°Zn beams
e Neutron-rich nuclei by projectile fragmentation from 48Ca beams
* Neutron-rich nuclei by projectile fragmentation from 180 beams

New isotopes in the 1%*Xe beam experiment
Production rates (yields) of RIs produced by in-flight fission of 233U beam

e Abrasion fission case (using Be target)
e Coulomb fission case (using Pb / W target)



‘-\j Rl beams produced at BigRIPS
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o 124Xe beam : neutron-deficient nuclei (incl. 19°Sn) by

projectile fragmentation

e 238 beam : neutron-rich nuclei by in-flight fission

two mechanisms ... Abrasion fission with Be target
Coulomb fission with Pb target
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Projectile fragmentation
e Abrasion-ablation model

projectile abrasion ablatlon

..

target hot fragments
48Ca 9Be  participant °Mg
zone

e All kinds of fragments (Rl beams)
lighter than projectile can be
produced.

Production reactions of Rl beams at BigRIPS

In-flight fission (of 238U)
e Abrasion fission

. .
.

238 -\: 78N
9Be abra5|on Ni

fission

e Coulomb fission
_~» 132G

o o ¢
235 -
COULEX Pb fission

e Very powerful for medium heavy
neutron-rich isotopes.

These figures are based on GSI figures.



Particle Identification scheme at BigRIPS

| AE: MUSIC, Si
Bp with track Isomer y-ray: Ge

reconstruction

Target -
.535’ Bpss
FO PPAC X2l

4 Beam dump

e

LOLS  pat”

PPAC x2
1

Plastic scinti.

TOF-B-AE method with track reconstruction
1o @ 2 stage

30 F

25

1

202.:4 e s e €Zvs A/Qplot

BigRIPS: T. Kubo, NIM B 204 (2003) 97 & T. Kubo et al., IEEE Trans. Appl. Supercond. 17 (2007) 1069.
PID scheme: N. Fukuda et al., NIM B 317 (2013) 323



Section 1

Production cross section of Rls
produced by the projectile fragmentation



Measurements with 1%4Xe beam
Neutron-deficient isotopes by projectile fragmentation

e Cross section
e Momentum distribution

H. Suzuki, et al., NIMB 317, 756-768 (2013)



Yields of neutron-deficient Rl beams using
a 124Xe beam at 345 MeV/u
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Production rate of neutron-deficient Sn isotopes
from a 12*Xe beam at 345 MeV/u

124e 345 MeV/u + Be 4 mm Ap/p = +/-2%
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e Production rate of 19°9Sn is ~ 1/7 of EPAX 3.01.



-\' Measured production cross sections comparison
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Filled symbol: distribution peak is located inside the slit opening at each focus.
Open symbol: distribution peak is located outside at some foci.

e Fairly good agreement between the experimental results and EPAX 3.01.

e In more neutron-deficient region and higher Z region, the experimental cross
sections are smaller than EPAX 3.01 (in the case of 1%°Sn: 1/7).



Cross section of 199Sn
Discrepancy between RIKEN and GSI

e There is a discrepancy between the cross section of 1°°Sn measured
at RIKEN and GSI (1 : 8).

Facility | event | Cross section Energy Be target
RO RIKEN |23 0.74%0.17 pb* | 345 MeV/u 4 mm
R1 RIKEN |6 0.40=%+0.17 pb* | 345 MeV/u 4 mm preliminary
R2 RIKEN |12 0.71%0.21 pb* | 345 MeV/u 4 mm preliminary
R3 RIKEN |9 1.6*0.5 pb* 345 MeV/u 8 mm + W-0.2mm |preliminary
GO GSI 259 |[5.8%2.1pb 1000 MeV/u |32 mm (6 g/cm?)
G1 GSI 7 5 pb 1095 MeV/u |32 mm (6 g/cm?)

5.76 pb (EPAX3.01) RO :H.Suzuki, et al, NIMB 317, 756-768 (2013)

7.43 pb (EPAX2.15) R1-R3: preliminary

R3: charge striping method

GO : C.B.Hinke, et al, Nature (London) 486, 341 (2012)
G1 : R. Schneider, et al, Z. Phys. A 348, 241 (1994)

*: Only the statistical error is described.
The systematic one is assumed to be ~ 50%.

Is this discrepancy caused by...
e Energy dependence of the projectile?
e Secondary-reaction effect in the production target?
e RIKEN (345 MeV/u, 4 mm): ~1.16, GSI (1 GeV/u, 32 mm): ~3 (by LISE++)



Momentum distribution

—: The objective nuclei (cf: 1°9Sn)

—: The contaminant nuclei (cf: *°In, 28Cd, °’Ag)

Bp / momentum
The low momentum tails of the contaminant nuclei make the purity worse.

e The low-momentum tails of the neutron deficient nuclei were measured.

e The shape of the low-momentum tail is very important especially for the
neutron-deficient nuclei experiment.

e We searched a tail-parameter, named “coef” in the LISE** calculation.
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Low momentum tail
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Production Mechanism
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The “coef” value of 1.9 gives the best result.

Cf) “coef” =
5.758 : 26-2200 MeV/u (mainly <100 MeV/u)

O. Tarasov, Nuclear Physics A734 (2004) 536-540

3 : 140-MeV/u NSCL data
O. Tarasoyv, private communication

1.9 :345-MeV/u 12%Xe-beam data




Bp distribution of other nuclei
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Measurements with 7°Zn beam
Neutron-rich isotopes by projectile fragmentation



‘% Yields of neutron-rich Rl beams using a
< ’0Zn beam at 345 MeV/u
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Recent '°Zn-beam Intensity : ~70 pnA (Jul 2012)




‘I\j Measured production cross sections comparison
< with EPAX 3.01 & 2.15 (7°Zn 345 MeV/u + Be)
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e OQverall, good agreement between the experimental cross section and the EPAX

parameterizations.

e ForZ< 20region, EPAX 2.15 estimates the cross sections well. EPAX 3.01 underestimates
them.

e forZ>20region, EPAX 3.01 estimates them well. EPAX 2.15 overestimates them.
e For>?°%Ca, the experimental cross sections are less than the EPAX 3.01 estimations.
- Next page.
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FIG. 9. (Color online) Production cross section versus atomic
number (£) for fragments from the reaction of 828e with beryllium
targets. Lines are connected according to constant N —2Z, while
labels represent the neutron number. Reactions resulting in neutron
pickup are omitted. The red dashed quadrangle is explained in the text.
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Measurements with “3Ca beam
Neutron-rich isotopes by projectile fragmentation
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e Fairly good agreement between the experimental cross sections and EPAX 2.15.

e EPAX 3.01 underestimates the cross sections.

Modification of EPAX3 from EPAX2

The c.s. of very neutron-rich fragments from medium-mass and heavy projectile were

modified, which were overestimated by EPAX2. At the same time, the good agreement of
EPAX2 for the neutron-deficient side is maintained.



Measurements with 30 beam
Neutron-rich isotopes by projectile fragmentation



Measured production cross sections compared
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e Discrepancy was observed in some cases.



Summary for the cross sections of Rls
produced by projectile fragmentation

€ Production cross sections of various radioactive isotopes were measured using with the

BigRIPS separator at RIBF and compared with the EPAX parameterizations.
* RIs were produced from *?**Xe (345 MeV/u), °Zn (345 MeV/u), “Ca (345 MeV/u), and
180 (230, 250, 294, 345 MeV/u).
Neutron-deficient isotopes from 12*Xe beam at 345 MeV/u.
e EPAX 3.01 estimates them well around the near stable region, while it overestimates
them in more neutron-deficient region and higher-Z region.
* The low mom. tails were measured. “coef” of 1.9 gives the best results in LISE++.
e Discrepancy of the 1%95n c. s. between the RIKEN data and the GSI data.
Neutron-rich isotopes from 79Zn beam at 345 MeV/u.
 EPAX parameterizations estimates the c. s. well except the very neutron-rich Ca.
e Adip at very neutron-rich Ca isotopes was observed.
Neutron-rich isotopes from #8Ca beam at 345 MeV/u.
e EPAX 2.15 estimates the c. s. fairly well.
e EPAX 3.01 underestimates the c. s.
Neutron-rich isotopes from 180 beams.
* Discrepancy was observed between the c. s and the EPAXs.



Section 2

New isotopes
in the 124Xe beam experiment



Introduction

* New isotope search = The frontier of exotic nuclei far from the stability
Expanding of the study region

* Production of neutron-deficient nuclei : near proton drip line
— RI-beam production from ?*Xe beam at 345 MeV/u.

— Separation and identification at BigRIPS.
High A/Q resolution by “trajectory reconstruction”.

— PID confirmation by known isomeric y rays.

New isotope search at RIBF

Year Beam intensity New isotopes

2007 | 0.006 pnA (%38U) 2 . 125pr, 126py

2008 | 0.2 pnA (338U) 45 : Mn(Z=25) ~ Ba(Z=56)
2011 | 0.5 pnA (238U) >20 : Z~60 (preliminary)
2011 | 8 pnA (***Xe) NEW!!




Search region for new isotopes
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Experimental setup
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e Projectile fragments *  Bpss, Bps;, TOF > A/Q e AEDZ
e Separation using A/Q and
R(range) of Rls TOF3; = Lys/ ff35C + Lsy/ €
e Two stage separation with A/Q=Bpss | st

the degraders at F1 & F5 A/Q = Bpe, | cferve * y-ray - isomers



Pé e Two settings

BigRIPS settings for new isotope search

Setting 85Ru setting (Z=41-46) 105Te setting (Z=52-54)
Isotope tuned 8SRu 105Tg>2+

FO target (mm?) Be 4.03 Be 4.03

By, (Tm) 5.114 5.300

Bp;: (Tm) 4.534 4.596

F1 degrader Al 2.85 mm?t, 3.6 mrad Al 2.85 mm?t, 3.6 mrad

F5 degrader

Al 1.97 mm?t, 1.6 mrad

Al 1.97 mm?t, 1.6 mrad

F1 slit Ap/p : +/-2.0% Ap/p: -2.0~+1.5%
F2 slit (mm) +/-20 -15~+20

F5 slit fully open fully open

F7 slit (mm) +/-20 +/-10

Beam intensity (pnA) ~7.6 ~ 8.9

F3 rate (pps) ~ 40k ~ 40k

F7 rate (pps) ~ 1.5k ~ 1.0k




85Ru setting
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85Ru setting (Z vs A-2Q plot)
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n the Ilne of A=227-1,
— 8/Ru, Mo, 7°Zr:observed
— 8Tc, 8INb: absent

= There live times are short compared to the TOF 43

(~440 ns).

e Consistent with the results by Z. Janas, et al,
Phys. Rev. Lett. 82, 295 (1999).

e The upper limits of the half lives.

— Considering the yields expected relative to  gq

the neighboring isotopes.

— Assuming the observation limit of 1 count.

e 8Tc :42ns, 8INb: 38 ns
= They are outside of the proton drip line.

Z 42

Unbound nuclei of Ru and Mo isotopes

46
45

44

41

40

38
19 1.021.941.961.98 2 202 2.04
AQ

* On the other hand, the experimental yield of the new isotopes #°Ru and #’Mo are almost

the same with the expected yield.

= The half lives of them are long enough compared to the TOF (~440 ns)



105Te setting
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e The known limits are shown by solid lines.

No new isotopes in this region.




N|RSI|E||E NA e Upper limit : ¥55ns
C ENTER

The number at FO : 413 counts
(expected yield of 193Sb is deduced from the ones of neighboring nuclei)
TOF from FO to F7 : ~440 ns

- 1035p is outside of the proton drip line.

1035h was discovered by K. Rykaczewski, et. al. in 1995.

(observed after TOF of 1.5 pus)
K. Rykaczewski, et al, Phys. Rev. C, 52, R2310 (1995)
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FIG. 2. The Z distribution of heavy fragments with mass (4)
and charge state () cormresponding to A —20 =35 (e.z., wng““}
in the experiment with the 63 MeV/nucleon ''*Sn beam. A fit to the
Z distribution, based on a “Z-response function™ determined ex-
perimentally with y-correlated events, is displayved in the inset for
indium, tin, and antimony. Also the gates applied to select events
belonging to these elements (keeping the contamination on a few
percent level) are indicated.
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‘-\y Summary on search for new isotopes
< around the proton-drip line

* New isotopes
— Four new isotopes : Mo, 82Mo (Z=42), ®°Ru, 8Ru (Z=44) (NEW!!) Proton emitter
e Qutside of the proton-drip line o emitter
_ Sh (Z=51) : 1935k (NEW!!) 50

— Tc (Z=43) : ®Tc |
— Nb (Z=41) : 8INb

Known isotopes 50 -~ ———-—

. New isotopes (our work)

| N
@ Unbound isotopes
(confirmed / reconfirmed .
in our work)
|
r N
7 H B

m—— KTUYO5 model (H. Koura et al, Prog. Theor. Phys. 113, 305 (2005).)
m——— HFB-14 model (S. Goriely, M. Samyn, J.M. Pearson, Phys. Rev. C 75, 064312 (2007).)



Section 3

Production rate of Rls
produced by the in-flight fission of 233U

e Be-target (Abrasion Fission)
e Pb / W-target (AF + Coulomb Fission)
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Three exmtation energy regions ( 3 EERs ) method
- Low excitation region: fission barrier < E* < 40 MeV
- Middle excitation region: 40 MeV < E* < 180 MeV

LISE++ Abrasion Fission (AF) model

- High excitation region: 180 MeV < E*

Parameters for 238U + Be

Low Middle | High
fissile 236 .U 226, Th | ?2?9;,Ra
E* MeV |23.5 100 250
c mb 200 500 350

Parameters for 238U + Pb

Low Middle | High
fissile 238 U 230, Th | ?145,Po
E*MeV |17.3 100 300
c mb 2280* 500 1300

* includes coulomb fission cross section

Oleg Tarasov, NSCL/MSU

_ _ Fission-
Abrasion-ablation evaporation
Initial
238y Beam Fragment
9
Be Fission with

Target .
& neutron evaporation

(from Tony Nettleton)

The parameters here are the standard ones
in the LISE++ manual, and determined so
as to fit the GSI cross section data

238(750 MeV/u) + Be: Z=20-46, o>~ 200 pb
M. Bernas et al., Nucl. Phys. A616(1997)352.
M. Bernas et al., Phys. Lett. B415(1997)111.

238(1 GeV/u) + Pb: Z=31-59, o>~ 100 ub
T. Engvist et al., Nucl. Phys. A658(1999)47.



‘-\j Various setting for in-flight fission of 238U at 345 MeV/u
Al

| N

NiSEiNasetting B Gl G2 G3
Target Be 7 mm Pb 1.5 mm|||Be 5.1 mm|||Be 2.9 mm Pb0.95 mm
+ Al 0.3 mm
Bp (Tm) 7.2 7.4 7.6 7.0 7.902 7.990 7.706
Ap/p +1% +1% +2% +0.1% +3% +3% +3%
Degrader None None None None F1:1.29 F1:2.18 F1:2.56 mm
mm mm F5:1.8 mm
Faslit 11 50 || =30 +30 +50 +13.5 +155 ||| +15mm
s e
Target Be 4.00 mm Be 4.93 mm W 0.7 mm Be 4.93 mm W 0.7 mm
Bp (Tm) 7.306 6.950 6.950 6.950 7.300 6.950 7.300
Ap/p —2%/+3% —2%/+3% ||| —2%/+3%|| £0.1% | £0.1% | =0.1% | =0.1%
F1:1.27 mm | |F1: 1.27 mm|||F1l: 1.27 mm
Degrader | o1 40 mm ||F5: 1.40 mm |||F5: 1.40 mm|| Nome | None | None | None
F2 slit (mm) —3/+15 —4 /415 —4/+15 +120 +120 +120 | £120
I(:;:nh; —5/+25 +15 +15 +120 +120 +120 | £120




Be target case
Abrasion Fission

Setting A G1 G2 G4t-Be
Region Z~ widely Z~30 Z~ 40 Z~ 65
g (20 - 54) (20 - 36) (37 -49) (57 - 69)
Product.lon Abrasion fission
mechanism
Target Be 7.0 mm Be 5.1 mm Be 2.9 mm Be 4.93 mm
Bp (Tm) 7.249 7.902 7.990 6.950
Ap/p +1% +3% +3% -2%/+3%
F1:1.27 mm
Degrader No F1: .29 mm | F1:2.18 mm FS: 1.40 mm
F2 slit (mm) +30 +13.5 +15.5 -4/+15
F7 slit (mm)

*+15




Region of the settings (Be target)

‘ 238
NA o

RLKE
NS
Setting-A YhLqu RN
Z ~ Wide o £
(20-50) o :
(no degrader) ™ Er i
| Old version
o Eaeena
e HHHHEE
zs----f,jﬁﬂff? ' ]__j-‘-.J tHgHE S
we o R e |
! [ 5 = u '
20 ":rfi:i; :':':'—"::_:_"\ :
o == . Setting-G1 Setting-G2 Setting-G4t-Be
NSMH: - 0 2~ 30 Z~ 40 7~65
o] | (20-36) (37-49) (57-69)
L BEERS AN | (new isotope (new isotope (new isotope
] | “ search) search) search)
20



Production rates of the fragments in setting-A
and comparison with LISE++ predictions by AF model

23886+ 345MeV/u + Be, no degs. Abrasion Bp=7.2Tm=x1%

By LISE++
:_70Ni
+16%

36 i e ] icci
> N A Experiment o~ Fission

- -

Production rate (cps/pnA)

-
<
I

—

D|
[
T

3 3
Yield

B T T T T 3
10% _(b) 238+Be 35 37 39 Experiment ---e--- 1

Odd-Z LISE++ :

o
T

-y -
o

[=]

1

10° F  Z=, 23 25 27
A O 47 49 s
\ ,~ . , h .
j ... h .'I’l 53 ] .
i qx ‘,.. L'\ f .
10 LY S LISE++

Production rate (cps/pnA)

-
<
I

—

D|
[
T

21
\t {1 Ver 84.1

-
D.
[45]

1 1 1 1 1
40 60 80 100 120 140
Mass number

e Good agreement with LISE++ calculation with Abrasion fission model around Z =20 - 50.

e AtZ>50region, experimental production rates are much larger than the LISE++
calculation.



“\j Production rates of the fragments in setting-G1 & G2

|/
4‘ and comparison with LISE++ predictions by AF model
R | E
ISHI Pg 23886+ 345MeV/u + Be Abrasion fission
o Settlng G1: Z~-30 ® Settlng G2: Z~40 LISE++(ver 8.4.1)
102 . 26 2 32 g4 38 38 40 0 Even Z
. .
100 5 20 ™ %
0
< 1072 ‘.
2 o
- 1074 1‘
l ’ T +
31 33 Odd 5

102 - 29 35 37 39 41 43 45
-
100 | 2= 21 ’.
— . &
10— 2 , .
® % 1~ h

e Good agreement with LISE++ calculation with Abrasion fission model around
the region of Z=20-50.

140



‘-\j Production rates of the fragments in setting-G4t-Be
Al

238Y86+ 345MeV/u + Be Abrasion fission + Projectile fragmentation

R K EN
NiSHINA (Center particle: 168Gd®3+>64+(7=64))
7-57(La) 7-58(Ce) Z=59(Pr) 7=60(Nd)

s = 257 e e 58 - 9| = o0
B - 5N R N
z 1:, g 1E3 i 1E3

i i i *1 Distribution
TN o Az 3 g I o

= 50 13t 13 13 . 134 133 1% 197 130 132 134 .\ 136 138 160 m 133 133 .\ 137 135 161 3 173 L] 1:?! 139 161 163 mode Was used .
Z:Gl{Pm} Z=ﬁ2{5mj Z:ﬁ%[EuI Z:Eul[Gd]
- 61 - 62 - 63 - I 64 *2The AE
L. /\ e /\ L. L /\ detectors were
;{ 1E-2 i 18-2 g 1E-2 ;{ 1E-2 I
= 1E-3 . 153 - i3 OcatEd at F12-
. =3 N /'/r‘ f‘rﬁ. \'\-\ . /.) H‘*\ L.
137 1% . 1ed 183 1E5 155 157 159 151‘ =3 PTé | I m I ﬁ aVTV 153 181 1£3 183 157 I 165 Th e tra n S m ISS I O n
7-65(Th) Z-66(Dy) Z-6/(Ho) 7-68(Er) betwee nF7to
. 65 = 66 | - 3= /\\ 68  F12 was not
é:: /\ § 152 % =2 ﬂ % :; considered
1 :: f’._.\.x-\- H i: f ; i: m ; :: j (NSO%)'
7-69(Tm)

69  —— Experiment = LISE++ (AF) = LISE++ (PF) ver.9.2.66 B (=8.4.1)

e o w w w e Experimental production rates are much larger than the
| LISE++ calculation with AF model in the region of Z > 55.



Y-angle(¢) at F3
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Pb / W target case
Coulomb Fission + AF

Setting B G3 G4t-W
Region Z~ wide Z~50 Z~ 65
& (24 - 59) (45 - 56) (58 - 67)
Product.|on Coulomb fission + Abrasion fission
mechanism
Target Pb 1.5 mm Pb0.95mm+AI0.3mm | WO0.7mm
Bp (Tm) 6.992 7.706 6.950
Ap/p +0.1% +3% 2%/+3%
Desrader No F1:2.56 mm F1:1.27 mm
& F5: 1.8 mm F5: 1.40 mm
F2 slit (mm) +50 +15 mm -4/+15
F7 slit (mm) +15




Region of the settings (heavy-Z target)
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| search) search)
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Production rates of the fragments in setting-B
and comparison with LISE++ predictions by AF + CF model
Bp=7.0Tm*0.1%

238 |86+
vl .U 345MeV/u +1Pb, no dleqs. ~ Coulomb 1
I 238 Experiment ---e-—- 1 . ++
ot (@) DU 36 38 40 _, 52 SEW 1 Fission By LISE
i o 42 54 i
310 f ? ‘ ! L /8" ” 3 -
é 2 ’ ‘ \ [ “f i \ % .b\: \Q ' ) | ‘\ " “'Q .\b 58 ] : +1 10 0
o 10 bon WV R IR N B AN AN AN S =, 7 [
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E 107 f y f TT 3 \ ' b 1 i o
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1072 [ 1 1 1 1 1 1 % i_1325n
0 238 I I I Experiment ---e-— ] > 7 +7.4%
o :_(b) Od;]-}Pb 41 gy LISEw+ [ . \
2 7o oy 2O ‘ :
S0 2 S _ f
s %N\ e ' \ ‘ - -
§10' F % b .‘LE : LISE++ i 1365n
§ E: " iy 1 [
8 10° [ fi ! f ¥ Ver. 8.4.1 i
g " f 4.19
107 F i
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e Fairly good agreement with LISE++ calculation with “Coulomb fission + Abrasion fission”.
e Good agreement at the two peak regions (Z~ 38 and Z~ 52).
e Discrepancy is seen at other regions.



Production rates of setting-G3 fragments and
comparison with LISE++ predictions by CF+AF model

238y86+ 345MeV/u + Pb Z ~50 Coulomb fission + AF

® SettingG3: Z~50 LISE++(ver. 8.4.1)

104 5o Even Z ]
48 52
102 B o N 54 -
Ty |
f o 56
n 109 F z_46 o ]
<o @ ]
.g 10—2 - o @ -
= @ 3 °
T 104 | ¢t T T
.m T L T L T L
2 10t | o o
g- 51 odd Z
S 102 | O3 o5 1
[ 477 ) ® . J
100 | ___\ |
j0—2 |[F=45® co
... 1~ e
10—4 B ¢ 1T i

e Good agreement with LISE++ calculation with “Coulomb fission + Abrasion fission”
models around the region of Z~ 50 (higher-Z peak).



Production rate comparison between G3’-Be and G3’-Pb

These Be and Pb targets are energy-loss equivalent thick.
The BigRIPS settings are the same.

50
1.0E+03
1.0E+02
<
S 1.0E+01
S~
o
1.0E+00

X
Preliminary

[

Be target: 4 mm &
Pb target: 0.95 mm + Al charge stripper : 0.3 mm

1.0E-01

1.0E-02

127 129 131 133 135 137 139 141 143
A

In the neutron-rich region, the production rates are almost the same in
these setting.



Production rate comparison between G4t-Be and G4t-W

These Be and W targets are energy-loss equivalent thick.
The BigRIPS settings are the same.

Z=even Z=odd
1E+1 62 1E+1 6103
65
1E+0 1E+0 59
67
< <
a8 1E-1 a8 1E-1
> > j v '& ; ;\69
Y Y
S 1E-2 S 1E-2 57 A f\
2 & \ /
> >
1E-3 1E.3
Be target: 5 mm Preliminary
W target: 0.7 mm
1E'4 | | | 1E'4 | | 1
150 160 170 180 150 160 170 180

A

than the ones with W target.

A

In Z > 62 region, the production rates of the neutron-rich nuclei with Be target are larger



y Summary for the cross sections of Rls
-ZQ produced by in-flight fission of 238U

€ Neutron-rich isotopes were produced by the in-flight fission of 238U beam at 345 MeV/u
and compared with the LISE++ calculation.
€ Two reaction mechanism.
e Be target: Abrasion fission
 Pb /W target: Coulomb fission + Abrasion fission
€ |n Be target case (Abrasion fission).
e At 20<Z<50region, the LISE++ calculation estimates the production rates well.
* At 50< Zregion, the LISE++ calculation underestimates the production rates.
- We speculate that this is because the parameters of the LISE++ AF model were
obtained from the cross section data in the region of Z = 20-46 (GSI experiment). The
parameterization is needed to be improved incorporating data in the region of higher Z.
@ InPb/ W target case (Coulomb fission + Abrasion fission).
e At the two peak regions (32 <Z< 43 and 49 < Z< 55), good agreement was obtained.
* We observed the discrepancy in the regions of 24 <Z2<32,43<~7Z<~49,56<~2Z<~
67. These origins are under investigation.
€ The production rates of the isotopes produced with Be target and heavy-Z (Pb / W) targets
whose thicknesses are energy-loss equivalent were compared.
e AtZ~ 50, the production rates of the very neutron-rich isotopes produced with Be
and Pb targets are almost the same.
e 7>62, the production rates of Rls produced with Be target is larger than the one with
W target.



